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   COMPARATIVE SIMULATION STUDY OF 
GAS-PHASE PROPYLENE POLYMERIZATION 
IN FLUIDIZED BED REACTORS USING 
ASPEN POLYMERS AND TWO PHASE 
MODELS 
A comparative study describing gas-phase propylene polymerization in flui-
dized-bed reactors using Ziegler-Natta catalyst is presented. The reactor be-
havior was explained using a two-phase model (which is based on principles of 
fluidization) as well as simulation using the Aspen Polymers process simulator. 
The two-phase reactor model accounts for the emulsion and bubble phases 
which contain different portions of catalysts with the polymerization occurring 
in both phases. Both models predict production rate, molecular weight, poly-
dispersity index (PDI) and melt flow index (MFI) of the polymer. We used both 
models to investigate the effect of important polymerization parameters, namely 
catalyst feed rate and hydrogen concentration, on the product polypropylene 
properties, such as production rate, molecular weight, PDI and MFI. Both the 
two-phase model and Aspen Polymers simulator showed good agreement in 
terms of production rate. However, the models differed in their predictions for 
weight-average molecular weight, PDI and MFI. Based on these results, we 
propose incorporating the missing hydrodynamic effects into Aspen Polymers 
to provide a more realistic understanding of the phenomena encountered in 
fluidized bed reactors for polyolefin production. 
Keywords: polypropylene polymerization, Ziegler-Natta catalyst, Aspen 
polymers, mathematical modeling. 
 
 
Due to the advantages of fluidized-bed reactors, 
such as their ability to carry out polymerization 
reactions, good particle mixing and the high rate of 
mass and heat transfer, many research works have 
been devoted to this technology [1-11]. Various mo-
delling strategies have been proposed to simulate 
and explain the steady state, dynamic and phase in-
teractions of olefin polymerization in fluidized-bed re-
actors due to the complex mixing and contacting pat-
terns of the phases. McAuley et al. [1] considered the 
fluidized-bed polyolefin reactor as a well-mixed (CSTR) 
reactor. Choi and Ray [2] presented a simple model 
with two distinct phases, namely “bubble” and “emul-
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sion” phases, where the polymerization reaction takes 
place only in the emulsion phase. Fernandes and 
Lona [3] proposed a three-phase model that consi-
ders bubble, emulsion and particulate phases with 
plug-flow behavior. Ibrehem et al. [4] proposed a flui-
dized-bed represented by four phases, i.e. bubble, 
cloud, emulsion and solid phases and considered that 
the polymerization reactions occur in the emulsion 
and solid phases. 
Aspen Polymers, which is built on top of Aspen 
Plus
® as a layered product, is a process modeling 
software package that can simulate polymer manuf-
acturing processes and characterize polymer proper-
ties such as molecular weight, melt flow index (MFI) 
and production rate. It can be used to model multi-site 
Ziegler–Natta catalysts to predict their characteristi-
cally broad molecular-weight distributions [6]. Khare 
et al. [5] and Luo et al. [6] developed their model by 
using fundamental chemical engineering principles 
and advanced software tools, Aspen Polymers and A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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Aspen Dynamics. They considered the important is-
sues of physical properties and thermodynamic model 
selections, polymer properties, catalyst characteri-
zation and reactor model, in addition to the traditional 
Ziegler–Natta polymerization kinetics. Khare et al. [5] 
presented a model for steady-state and dynamic gas 
phase polypropylene process using stirred-bed reac-
tors while Luo et al. [6] developed a model for a 
commercial bulk polypropylene process for the Hypol 
Technology. Khare et al. [5] characterized a Ziegler-
Natta catalyst by assuming the existence of multiple 
catalyst site types. Their model contains a single set 
of kinetic and thermodynamic parameters that accu-
rately predicts the polymer production rate, molecular 
weight and polydispersity index. They proposed pro-
cedures to develop and validate the polypropylene 
process model, considering physical and thermody-
namic model selections, catalyst characterization, 
reactor model and Ziegler-Natta polymerization kine-
tics. 
A flow diagram of the gas-phase fluidized bed 
polypropylene production process is shown in Figure 
1. In the present work, a method is suggested to 
model and simulate the gas-phase propylene poly-
merization in the fluidized bed catalytic reactor using 
Aspen Polymers and the two-phase concept of fluidi-
zation. Comparative simulation studies were carried 
out in order to investigate the effect of important poly-
merization parameters, namely catalyst feed rate and 
hydrogen concentration on the product properties 
such as production rate, molecular weight and MFI. 
Reaction mechanism with nominal kinetic parameters 
Several models have been proposed in the lite-
rature to describe the kinetic scheme for a heteroge-
neous Ziegler-Natta catalyst [1,12-15]. The Ziegler-
Natta catalyst, considering multiple active sites as 
well as heat- and mass-transfer resistance, tends to 
produce a polymer with a broad molecular weight dis-
tribution. The effect of multiple site types is more 
significant than the effect of heat- and mass-transfer 
resistances. The single-site kinetic model is incapable 
of describing the kinetic behavior, production rate and 
molecular weight distribution of propylene homopoly-
merization. The added complexity of using more sites 
may limit the model’s use for simulation purposes, 
and the estimation of the large number of kinetic 
parameters may be restrictive [12]. Therefore, a two-
type active site was considered in the present study to 
describe polymer properties for both models. Using 
similar methodology to McAuley et al. [1], Carvalho de 
et al. [12] and Kissin [13], the kinetic model was 
developed for Ziegler–Natta catalysts containing mul-
tiple active sites to describe the homopolymer pro-
duction rate, molecular weight and its distribution.  
The reaction rate constants used in this work 
were taken from different published works on similar 
reactive systems [1,6,15]. This is mainly due to the 
lack of a unique source that covers all the kinetic 
 
Figure 1. Schematic diagram of an industrial gas phase fluidized bed polypropylene production reactor. A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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parameters for propylene polymerization. Characteri-
zation of polymer properties was modeled using po-
pulation balances and method of moments. The kine-
tic scheme comprising of a series of elementary reac-
tions and the rate parameters, used for the two phase 
model and Aspen Polymers simulator, are listed in 
Tables 1 and 2, respectively. Aspen Polymers and the 
two-phase model were standardized to use the same 
components in the input flow and kinetic parameters. 
Process modeling methodology using two-phase 
model 
The kinetics of propylene homo-polymerization 
over a Ziegler–Natta catalyst based on the model de-
veloped by Shamiri et al. [14] and the dynamic two-
phase flow approach proposed by Cui et al. [16,17] 
were combined to provide a more realistic under-
standing of the phenomena faced in the bed hydro-
dynamics. The kinetic model consists of mass balan-
ces on the species present in the reactor written as a 
series of algebraic and differential equations. Charac-
terization of polymer properties was modeled using 
population balances and method of moments which 
were used to predict the polymer production rate, 
weight average molecular weight and MFI. The set of 
moment equations are given in Table 3. 
The parameters used for the two-phase model 
are those reported by Cui et al. [16]. Jafari et al. [18] 
Table 1. Elementary chemical reactions of propylene homo-polymerization used for the two phase model 
Description Reaction 
Formation of active sites ()
act ( ) Cocatalyst (0, )
kj
Nj N j * +¾ ¾ ¾ ¾ ¾   
Initiation of active sites () ini (0, ) M (1, )
kj
Nj N j +¾ ¾ ¾ ¾   
Propagation  ()
p (, ) M ( 1 , )
kj
Nrj Nr j +¾ ¾ ¾ ¾ + 
Chain transfer to monomer  ()
tm (, ) M ( 1 , ) (, )
kj
Nrj N j Qrj +¾ ¾ ¾ ¾ ¾ +
 
Transfer to hydrogen  ()
th (, ) H ( 0 , ) (, )
2H
kj
Nrj N j Qrj +¾ ¾ ¾ ¾ +
 
–  () h (0, ) M (1, ) H
kj
Nj N j +¾ ¾ ¾ ¾   
–  ()
hr (0, ) AlEt (1 , )
H3
kj
Nj N j +¾ ¾ ¾ ¾ 
 
Transfer to co-catalyst ()
tco ( , ) AlEt (1, )( , ) 3
kj
Nrj N j Qrj + ¾¾¾¾¾ +
Spontaneous transfer  ()
fs ( , )( 0, )( , ) H
kj
Nrj N j Qrj ¾¾¾¾ +  
Deactivation reactions ()
ds (, ) () (, )
d
kj
Nrj N j Qrj ¾¾¾¾  +  
– ()
ds (0, ) ( )
d
kj
Nj N j ¾¾¾¾  
– () ds (0, ) ( ) Hd
kj
Nj N j ¾¾¾¾
 
Table 2. Kinetic rate constants used for the two phase model and the Aspen Polymers model 
Reaction  Rate constant  Unit  Site Type 1  Site Type 2  Reference 
Formation  kact(j)   s
–1  1  1  [1] 
Initiation  kini(j)   L mol
–1 s
–1  22.88  54.93  [6] 
  kh(j) L mol
–1 s
–1 0.1  0.1  [1] 
  khr L mol
–1 s
–1 20  20  [1] 
Propagation  kp(j)  L mol
–1 s
–1  342.8  34.28  [14] 
Transfer  ktm(j)  L mol
–1 s
–1  0.0865  0.2171  [6] 
  kth(j)  L mol
–1 s
–1  7.5  7.5  [6] 
  ktco(j)  L mol
–1 s
–1  0.024  0.12  [1] 
  kfa(j)  L mol
–1 s
–1  0.0001  0.0001  [1] 
Deactivation  kde(j) s
–1 0.00034  0.00034  [6] A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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showed that using the parameters reported by Cui et 
al. [16], for either Geldart A or B particles, provide re-
sults that are in good agreement with the experimen-
tal data involving fluidized bed reactors for both the 
bubbling and turbulent fluidization regimes. 
The assumptions considered in developing the 
model are summarized below:  
•  The fluidized bed comprises of two phases: 
bubble and emulsion. 
•  The emulsion phase is not at the minimum flui-
dization condition and the bubble phase contains so-
lid particles. 
•  Reactions occur in both bubble and emulsion 
phases. 
•  There is negligible resistance to heat and mass 
transfer between the gas and polymer particles due to 
small catalyst particles, low to moderate catalyst ac-
tivity or polymerization rates [19].  
•  Constant mean particle size is assumed 
throughout the bed. 
•  A two-site kinetic scheme is assumed. 
•  Side reactions with poisons are neglected. 
In a fluidized bed reactor, upward motion of the 
gas bubbles causes enough mixing of solid particles 
in the emulsion phase. Therefore, concentrations of 
various species and temperature are nearly uniform in 
the emulsion phase. Consequently, a pseudo-homo-
geneous CSTR is a valid assumption and can be ap-
plied to the modelling process [1]. The bubbles travel 
up through the bed at constant velocity and the par-
ticles within the bubbles present a downward flow, 
growing in size and weight as they flow downwards 
which makes the assumption of plug flow valid for 
such a regime in the bubble phase. This two-phase 
model is based on the principles of fluidization and 
the experimental findings on the significance of solid 
particles present in the bubble phase and the excess 
gas in the emulsion phase [16,17]. The correlations 
needed for estimating the void fractions of the bubble 
and emulsion phases from the dynamic two-phase 
model are summarized in Table 4. 
Assuming that the only significant consumption 
of monomer is by the propagation reaction and that 
consumption of hydrogen is by the transfer to hydro-
gen reaction, the following expression for the con-
sumption rate of component (monomer and hydro-
gen) can be obtained: 
For monomer: 
1
[] (0, ) ,1 ()
NS
ii
j
p RM Y j i kj
=
== å  (1)   
For hydrogen: 
1
[] (0, )( ) ,2
NS
iif h
j
RM Y j k j i
=
== å  (2)   
The total polymer production rate for each 
phase can be calculated from: 
2
1
p ii
i
RM w R
=
=å  (3) 
Table 3. Moment equations 
 
d( 0 ,)
[ ]{ ( ) (0, ) ( ) (0, )} (0, ) ( )[AlEt ] ini h H H hr 3 d
v (0, ){ ( )[H ] ( ) ( ) } th 2 fs ds
p
Yj
Mk jN j k jN j N jk j
t
R
Yj kj kjkj
V
=+ + -
-+ + +
 
+
=+ +
++ + -
-+ + + +
ini h hr
]} tm tco p
] tm tco th fs ds
H 3
3
32
d( 1 , ) [ ] ( ) (0, ) (0, ){ ( )[ ] ( )[ ]}
d
(0, ){ ( )[ ] ( )[ [ ] ( ) (0, )
v (1, ){ ( )[ ] ( )[ ( )[ ] ( ) ( ) }
p
Yj Mk jN J N J k j M k j A l E t
t
Yj kj Mkj A l E t M k j Yj
R
Yj kj Mk j A l E t kj H kjkj
V
 
 
ini h hr
tm tco p
tm tco th fs ds
H 3
3
} 32
d( 2 , )[ ] ()( 0 ,) ( 0 ,) { () [ ] () [ A l E t] }
d
(0, ){ ( )[ ] ( )[AlEt ]} [ ] ( ){2 (1 , )
v ( 0 ,) } ( 2 ,) { () [ ] () [ A l E t] () [ ] () ()
p
Yj Mk jN j N j k j M k j
t
Yj k j Mkj M k j Y j
R
YjYj k j Mkj k j H k jk j
V
=+ +
++ +
+- + + + + +
tm tco th fs ds 32
d( , ) v (,) { () [ ] () [ A l E t] () [ ] () () } (,)
d p
R Xnj Ynj k j M k j k j H k j k j Xnj
t V
=+ + + + -  
n = 0,1,2 
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in which Ri is the instantaneous rate of reaction for 
monomer and hydrogen.  
The volumetric outflow rate of the polymer, Rv, 
can be determined from the consumption rates of the 
monomers and the rate of change of the weight of 
polymer in the reactor: 
d/ d
v
ss
Bt MwR w R
rr
=-  (4) 
Control of MFI is an important issue for pro-
ducing the needed polypropylene grade. The MFI of a 
polymer is a function of its molecular weight (Mw ), 
which is related to the operating conditions of the 
reactor and the feed composition. The relation between 
MFI and the weight average molecular weights of 
polypropylene is given by [20]: 
1
0.288
111525
Mw MFI
-
æö ÷ ç ÷ ç ÷ ç ÷ ç èø
=  (5) 
Process simulation methodology using aspen 
polymers  
Developing an accurate simulation of propylene 
polymerization in fluidized-bed reactors using Aspen 
Polymers requires special expertise. Predicting re-
liable physical and thermodynamic properties of a 
chemical system is important in process simulation for 
simulating chemical unit operations such as reactors 
and separators. Unfortunately, creating thermophysi-
cal properties for polymers, as well as polymerization 
reaction models, is especially challenging and re-
quires attention to detail. 
Thermodynamic phase equilibrium models are 
categorized as either activity-coefficient or equation-
of-state (EOS) based models. In the present work, 
EOS models were selected for the polypropylene pro-
cess due to the nature of the species and high ope-
rating pressure involved. EOS models are suitable for 
systems at moderate to high pressures and reactor 
pressure for this gas-phase polypropylene process 
ranges from 20 to 30 bar [5]. According to Gross and 
Sadowski [20], a model based on the perturbed-chain 
statistical associating fluid theory (PC-SAFT EOS), is 
the best for describing physical and thermodynamic 
properties of a polymeric systems. Therefore, PC-
SAFT EOS was used to model the physical and ther-
modynamic properties for the polypropylene process. 
The PC-SAFT model is an extension of the presti-
gious SAFT EOS model. The main difference between 
these models is that the PC-SAFT model considers 
hard sphere chains while SAFT model accounts for 
hard spheres. This allows PC-SAFT EOS to include 
the connectivity of segments that comprise the chains 
when considering the attractions between species. 
This improvement shows a more realistic description 
of the thermodynamic behavior of chainlike molecules 
[5,21,22]. The PC-SAFT EOS also shows superior 
prediction for vapor-liquid equilibrium and binary mix-
tures of small molecules compared to SAFT and 
Peng-Robinson models, respectively [5,6].  
Table 5 lists the components included in the mo-
del. The applied pure-component parameters for the 
PC-SAFT equation of state model (EOS) are listed in 
Table 6 [6]. The data listed in these tables were 
integrated into the Aspen Polymers simulator asso-
ciated with the built-in PC-SAFT EOS model. 
Table 4. Empirical correlations used in the two phase model 
Formula  Reference 
1/2 2 Re (29.5) 0.357 29.5 mf Ar éù =+ - êú
ëû
 
[24] 
3
2
()
g
gd g sgp
Ar
rr r
m
-
=  
– 
0m f
0.534 1 exp
0.413
UU
d
éù æö - ÷ ç êú ÷ ç =- - ÷ ç êú ÷ ç ÷ ÷ ç êú èø ëû
 
[16] 
0m f
0.2 0.059exp em f 0.429
UU
ee
æö - ÷ ç ÷ ç =+ - - ÷ ç ÷ ç ÷ ÷ ç èø
 
[16] 
0m f
1 0.146exp b 4.439
UU
e
æö - ÷ ç ÷ ç =- - ÷ ç ÷ ç ÷ ÷ ç èø
 
[16] 
(1 )(1 ) Pe e VA h ed =--   – 
(1 ) Pb b VA h ed =-  – 
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Table 5. Component used for polypropylene gas phase 
polymerization 
Species Function 
Propylene (C3H6) Monomer 
Polypropylene (PP)  Polymer 
Propylene Segment (C3H6-R) Polymer  segment 
Hydrogen (H2)  Chain transfer agent 
Titanium Tetrachloride (CAT)  Catalyst 
Triethyl-Aluminium (COCAT)  Co-catalyst 
Nitrogen (N2) Inert 
Water (H2O) Cooling  Water 
Table 6. Pure-component parameter for the PC-SAFT EOS [6] 
Component  m  σ / A  ukB
–1 / K  r / mol g
–1 
Hydrogen 0.8285  2.973  12.53 - 
Propylene 1.960  3.536  207.2 - 
Polypropylene -  4.147  298.6  0.0253 
Catalyst 25  2.668  198.8  - 
Co-catalyst 25  2.668  198.8  - 
Based on the thermodynamic model and the 
component parameters that are suitable for the reac-
tion conditions involved in the present process [5, 6], 
a RCSTR module within Aspen Polymers was selec-
ted to model the gas-phase fluidized polymerization 
reactor. Furthermore, the characterization of the Zieg-
ler–Natta catalyst and a set of two-site kinetic sche-
mes with reaction rate constants were incorporated 
into the model. The emulsion phase can be simply 
presented by a single RCSTR model which takes 
gaseous feed that includes the propylene gas, hyd-
rogen gas and the nitrogen gas as an inert and 88% 
of the solid feed which is Ziegler-Natta catalyst [14]. 
For modeling the bubble phase, which accounts for 
the gaseous feed and 12% of the solid feed, there are 
two options in Aspen Polymers: a single RPlug or a 
series of RCSTR. Since the behaviour of a plug-flow 
reactor can be approximated by that of a multistage 
CSTR [23], a series of four equal-volume RCSTR 
modules was chosen to represent the bubble phase 
due to an impractical low polypropylene production 
using an equivalent RPlug module.  
A major problem faced during the process simu-
lation was the convergence of the recycle stream 
which was not solved in a previous work [6]. In the 
present study, according to the calculation procedure 
of the process flow sheet, the problem was addressed 
and solved with some difficulty. From this angle, this 
work can be regarded as the first of its kind to be able 
to estimate the real gas-phase fluidized bed polymeri-
zation system which considers both the emulsion 
phase and bubble phase for predicting the polymer 
production rate, weight average molecular weight, 
number average molecular weight, PDI and MFI with 
Aspen Polymers. The flow sheet for the complete gas 
phase catalytic propylene polymerization fluidized-bed 
reactor is shown in Figure 2. 
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Figure 2. Gas phase catalytic propylene polymerization fluidized bed reactor simulation scheme. (B14: reactor emulsion phase, B10, 
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RESULTS AND DISCUSSION 
A series of comparative simulation studies were 
carried out using the two-phase model and the Aspen 
Polymers simulator for gas-phase propylene poly-
merization in a fluidized-bed reactor along with a two-
site kinetic scheme of Ziegler-Natta catalyst. To rea-
listically represent the real fluidized-bed reactor, both 
emulsion and bubble phases in the fluidized-bed re-
actor were considered in this model. A comparison 
between this two-phase model with previous models 
was carried out by Shamiri et al. [14] who showed that 
there is a good agreement between this model and 
previously reported models in terms of overall poly-
mer production in the reactor.  However, this two-
phase model has the advantage of being able to ac-
count for the production of the polymer in the bubble 
phase as well. 
Comparison between the two methods of obtain-
ing the models was carried out based on the effect of 
varying catalyst feed to the polypropylene production 
rate and the effect of hydrogen molar percentage in 
the feed to the weight-average molecular weight and 
MFI. The standardized component inlet flow rates and 
operating conditions and physical parameters used in 
the models are given in the Tables 7 and 8.  
Figure 3 shows the effect of catalyst feed rate on 
the polypropylene production rate predicted by both 
models. This figure reveals that the polymer 
production rate is directly proportional to the catalyst 
feed rate. As the catalyst feed rate increases, the 
polymer production rate increases due to increase in 
available active sites. Clearly, both models are closely 
in agreement with each other to some extent with 
small deviation. The results also show that the series 
RCSTR model for the bubble phase in the fluidized 
bed can be used to estimate the performance of a 
real fluidized bed. 
Controlling the average molecular weight and 
performing grade transition of polypropylene product 
is directly related to the hydrogen concentration in the 
reactor. The polymer molecular weight and its distri-
bution govern the MFI and affect the quality of the 
polymer product. Figure 4 shows the effect of hydro-
gen concentration on the polymer molecular weight 
predicted by the two models. As the hydrogen molar 
fraction in the feed to the reactor increases from 0.7% 
to 1.1%, the weight average molecular weight de-
creases and consequently the chain length and the 
degree of polymerization decreases due to increase 
in chain transfer reaction rate. Both models predict 
similar trends, but with different values. At hydrogen 
molar fraction of 0.9% both models predicted the 
same polymer weight average molecular weight of 
around 1.95×10
5. 
The effect of hydrogen mole fraction in the feed 
on the MFI of the polymer is shown in Figure 5. The 
MFI of the polymer increases with increasing hyd-
rogen mole fraction in the feed. An agreement between 
the predictions of the two models can be observed at 
the hydrogen mole fraction of 0.9%. But below this 
concentration, the Aspen Polymers simulator over-
predicts the MFI while beyond this concentration, it 
under-predicts the MFI. 
The effect of hydrogen mole fraction in the feed 
on the number-average molecular weight and PDI of 
the polymer are shown in Figures 6 and 7. As shown 
in these figures, number-average molecular weight 
and PDI of the polymer decreases by increasing the 
hydrogen mole fraction of the feed. It can be seen that 
by increasing the hydrogen concentration, the mole-
cular weights decrease which results in decreasing 
the chain length and the degree of polymerization due 
to the increase of chain transfer reaction rate. These 
figures demonstrate that there is a clear mismatch 
between the predicted values of number-average mo-
Table 7. Component inlet flow rate 
Species  Function  Inlet flow rate, kg/h  Gas phase mole fraction 
Propylene (C3H6) Monomer  319627.44  0.730 
Hydrogen (H2)  Chain transfer agent  186.12  0.009 
Titanium Tetrachloride (CAT)  Catalyst  0.72  - 
Triethyl-Aluminium (COCAT)  Co-catalyst  0.72  - 
Nitrogen (N2) Inert  76186.44  0.261 
Table 8. Operating conditions and physical parameters 
Physical parameter  Operating condition 
μ = 1.14×10
-4 Pa.s  V = 50 m
3 
ρg = 23.45 kg/m
3  T = 70 °C 
ρs = 910 kg/m
3  P = 25 bar 
dp = 500×10
-6 m
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Catalyst feed rate (g/s)
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Figure 3. Comparison between the two phase model and the Aspen Polymers model for the effect of variation of catalyst feed on 
polymer production rate. 
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Figure 4. Comparison between the two phase model and the Aspen Polymers model for the effect of variation of hydrogen feed molar 
fraction on weight average molecular weight. 
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Figure 5. Comparison between the two phase model and the Aspen Polymers model for the effect of variation of hydrogen feed molar 
fraction on melt flow index. A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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Figure 6. Comparison between the two phase model and the Aspen Polymers model for the effect of variation of hydrogen feed molar 
fraction on number average molecular weight. 
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Figure 7. Comparison between the two phase model and the Aspen Polymers model for the effect of variation of hydrogen feed molar 
fraction on PDI. 
lecular weight and PDI by the two-phase and Aspen 
Polymers models. The Aspen Polymers model shows 
very small change in number average molecular 
weight which may be impractical. 
Distributions of gas and solid particles in the 
fluidized bed depend strongly on the superficial gas 
velocity and gas-solid distribution can have a signi-
ficant effect on the reaction and heat and mass trans-
fer rates in the fluidized beds. Therefore, it is very 
important to investigate the effect of the superficial 
gas velocity on the process variables. The effect of 
superficial gas velocity on polypropylene product rate 
predicted by the two-phase model is illustrated in 
Figure 8. This figure shows that increasing the super-
ficial gas velocity results in decreasing the polymer 
production rate. In fact, by increasing the superficial 
gas velocity, gas passes faster through the bed. As a 
result, some monomers may bypass the catalyst, 
therefore, the monomer contact with growth sites is 
reduced, resulting in decreasing the monomer con-
version and polymer production rate. 
In the two-phase model, the hydrodynamic sub-
model was combined with comprehensive kinetic mo-
del to evaluate the effect of key process parameters 
such as superficial gas velocity on the polymer pro-
duction rate and polymer properties. The model from A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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the Aspen Polymers simulator is an oversimplification 
of what actually happens in the fluidized bed, since 
the effect of hydrodynamics (the correlations required 
for estimating the void fractions of the bubble and 
emulsion phases from the dynamic two-phase model 
which are summarized in Table 4) is ignored. Predic-
tion from this simplified model can be used for quail-
tative predictions (since it predicted correct variables 
trends). However, due to the many assumptions in-
volved in this model, it is incapable of explaining the 
effect of the key process parameters such as super-
ficial gas velocity on the polymer production rate and 
polymer properties in the polypropylene fluidized-bed 
reactor. 
CONCLUSION 
A comparative simulation study was carried out 
using Aspen Polymers and the two-phase model in 
order to determine the influence of key operating 
parameters, namely catalyst feed rate and hydrogen 
concentration, on production rate, molecular weight 
and MFI. By comparing the predictions of polymer 
production rate, we show that both models produce 
similar predictions. A moderate deviation was ob-
served by comparing the effect of increasing the hyd-
rogen feed fraction on the weight-average molecular 
weight, PDI and MFI due to the difference in the basic 
kinetic model used in the two models. However, the 
Aspen Polymers model is only an approximation to 
the fluidized bed reactor since there is no fluidized 
bed module in this simulator. Despite the similarity in 
the general trends described by these two models, 
some deviation was observed especially for the 
weight-average molecular weight, PDI and MFI. Due 
to the many assumptions involved in the Aspen Poly-
mers model, this model is incapable of predicting the 
effect of the key process parameters such as super-
ficial gas velocity on the polymer production rate and 
polymer properties in the polypropylene fluidized bed 
reactor. The rigorous details of the two-phase model 
suggest that it is more realistic than the correspond-
ing Aspen Plus model and it can be concluded that 
the two-phase model provides more acceptable pre-
dictions. To improve the predictions of the simulator, it 
is recommended that the hydrodynamic correlations 
used in the proposed two-phase model be incorpo-
rated in the simulator via a Visual Basic macro or an 
attached spreadsheet. This is expected to improve 
the accuracy of the simulator package. 
Notations  
AlEt3   triethyl aluminum co-catalyst 
Ar   Archimedes number 
B  moles of reacted monomer bound in the poly-
mer in the reactor 
Bw  mass of resin in the reactor (kg) 
dp   particle diameter (m) 
Fcat   catalyst feed rate (g/s) 
H2    hydrogen  
J    active site type 
kact (j)  formation rate constant for a site of type j 
kds (j)   spontaneous deactivation rate constant for a 
site of type j 
kfs (j)  spontaneous transfer rate constant for a site 
of type j with terminal monomer M 
kh (j)  rate constant for reinitiating of a site of type j 
by monomer M 
 
Figure 8. Effect of superficial gas velocity on polypropylene product rate predicted by the two phase model. A. SHAMIRI et al.: COMPARATIVE SIMULATION STUDY OF GAS-PHASE PROPYLENE…  CI&CEQ 19 (1) 13−24 (2013) 
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khr (j)  rate constant for reinitiating of a site of type j 
by cocatalyst 
kini (j)  rate constant for initiation of a site of type j by 
monomer M 
kp (j)    propagation rate constant for a site of type j 
with terminal monomer M reacting with mo-
nomer M 
ktco (j)   transfer rate constant for a site of type j with 
terminal monomer M reacting with AlEt3 
kth (j)  transfer rate constant for a site of type j with 
terminal monomer M reacting with hydrogen              
ktm (j)   transfer rate constant for a site of type j with 
terminal monomer M reacting with monomer M 
M     monomer (propylene) 
MFI   melt flow index (g/10 min) 
Mw      weight average molecular weight of polymer 
(kg/kmol) 
Mn  number average molecular weight of polymer 
(kg/kmol) 
Mw   monomer molecular weight (kg/kmol) 
N
٭(j)   potential active site of type j 
N(0,j)   uninitiated site of type j produced by forma-
tion reaction  
N(1,j)   living polymer chain of type j with length one  
N(r,j)   living polymer molecule of length r, growing 
at an active site of type j, with terminal mono-
mer M 
NH(0,j)   uninitiated site of type j produced by transfer 
to hydrogen reaction  
NS   number of active site types 
P   pressure (Pa) 
PDI   polydispersity index 
r   number of units in polymer chain 
R   instantaneous consumption rate of monomer 
(kmol/s) 
R (j)    rate at which monomer M is consumed by 
propagation reactions at sites of type j 
Remf      Reynolds number of particles at minimum 
fluidization condition 
Rp   production rate (kg/s) 
Rv   volumetric polymer outflow rate from the re-
actor (m
3/s)
 
t    time (s)  
T temperature  (K) 
U0   superficial gas velocity (m/s) 
Umf    minimum fluidization velocity (m/s) 
V    reactor volume (m
3) 
Vb  volume of bubbles 
Vp      volume of polymer phase in the reactor (m
3) 
Vpb  volume of polymer phase in the bubble phase 
(m
3) 
Vpe      volume of polymer phase in the emulsion 
phase (m
3) 
X(n,j)    nth moment of chain length distribution for 
dead polymer produced at a site of type j 
Y(n,j)   nth moment of chain length distribution for li-
ving polymer produced at a site of type j 
Greek letters 
δ   volume fraction of bubbles in the bed  
εb   void fraction of bubble for Geldart B particles 
εe    void fraction of emulsion for Geldart B par-
ticles 
εmf      void fraction of the bed at minimum fluidi-
zation 
μ    gas viscosity (Pa s) 
ρg    gas density (kg/m
3) 
ρs   polymer density (kg/m
3). 
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NAUČNI RAD 
   KOMPARATIVNA SIMULACIONA STUDIJA 
POLIMERIZACIJE PROPILENA U GASNOJ FAZI 
U REAKTORIMA SA FLUIDIZOVANIM SLOJEM 
KORIŠĆENJEM ASPEN POLYMERS I 
DVOFAZNIH MODELA 
U ovom radu je predstavljena komparativna studija koja opisuje polimerizaciju propilena 
gasnoj fazni u reaktorima sa fluidizovanim slojem uz korišćenje Ziegler-Natta katali-
zatora. Ponašanje reaktora je objašnjeno dvo-faznim modelom (zasnovanim na princi-
pima fluidizacije), kao i simulacijom pomoću procesnog simulatora Aspen Polymers. 
Model dvo-faznog reaktora uzima u obzir emulzionu i mehurastu fazu sa različitim koli-
činama katalizatora pri čemu se polimerizacije odigrava u obe faze. Oba modela pred-
viđaju brzinu proizvodnje, molekulsku masu, polidisperzni indeks (PDI) i indeks tečenja 
polimera (MFI). Oba modela su korišćena prilikom ispitivanja uticaja važnih parametara 
polimerizacije, tačnije brzina napajanja katalizatorom i koncentracija vodonika, na oso-
bine dobijenog polipropilena, kao što su brzina proizvodnje, molekulska masa, PDI i 
MFI. Oba dvo-fazna modela i Aspen Polymers simulator su pokazali dobro slaganje u 
pogledu brzine proizvodnje. Međutim, modeli se razlikuju u svojim predviđanjima kad je 
u pitanju prosečna molekulska masa, PDI i MFI. Rezultati pokazuju da je neophodno 
uvesti i hidrodinamičke efekte u Aspen Polymers, kako bi se obezbedilo realnije razu-
mevanje fenomena koji se javljaju u reaktorima sa fluidizovanim slojem za proizvodnju 
poliolefina. 
Ključne reči: polimerizacija polipropena, Ziegler-Natta katalizator, Aspen poli-
meri, matematičko modelovanje. 